Abstract: Crystallography reveals two polymorphs for the salt [4-(4-acetylphenyl)piperazin-1-ium][2-amino-4-nitrobenzoate], a monoclinic form (2; modelled as P2 1 /n with Z′ = 4) formed directly from the reaction mixture, and a triclinic form (1; Z′ = 1) isolated from recrystallisation. Relatively minor differences are noted in the confor mations of the anions and of the cations, mainly relating to the twist of, respectively, the carboxylate groups and piperazin-1-ium rings with respect to the phenyl rings they are connected to. The key feature of the packing of both forms is the formation of charge-assisted ammonium-N-H · · · O (carboxylate) hydrogen bonds which lead to cyclic 12-membered { · · · HNH · · · OCO} 2 synthons in the case of 1 but, supramolecular chains in 2. The three-dimensional architecture in the crystal of 1 is further stabilised by amine-N-H · · · O (nitro) and amine-N-H · · · O (acetyl) hydrogen bonds, leading to double-layers in the bc-plane, which are linked along the a-axis by methylene-C-H · · · O (carboxylate) and π-stacking interactions. The combination of ammonium-N-H · · · O (carboxylate) and amine-N-H · · · O (carboxylate, acetyl) hydrogen bonds consolidate the three-dimensional packing in the crystal of 2. The greater crystal density, packing efficiency and calculated lattice energy for 1 compared with 2, suggest the former to be the thermodynamically most stable crystal. An analysis of the Hirshfeld surfaces for 1 and 2 reveal distinctive features that differentiate between the constituents of the two forms and between the ions comprising the asymmetric unit of 2.
Introduction
The first crystallographic investigations of the relatively simple carboxylic acid derivative, 2-amino-4-nitrobenzoic acid (or 4-nitroanthranilic acid), Figure 1a , were only reported at the beginning of the Century and since then there have only been 18 additional structures reported in the literature containing the acid or anions derived from this. This lack of investigation probably masks the inherent crystallographic interest in this compounds as evidenced by four fully characterised polymorphs of the acid [1, 2] . Further, the neutral molecule has been characterised in two co-crystals, namely of 2,2′-bipyridine (1:0.5) and bis(pyridin-2-yl)methanone (1:1) [1] . The remaining structures features the anionic form, i.e. 2-amino-4-nitrobenzoate. Thus, the sodium dihydrate [3] , potassium hydrate [3] , rubidium hydrate [4] and caesium dihydrate [5] with higher coordination numbers for the larger alkali cations being achieved through bridging water molecules and the increased participation of nitro-O atoms in coordination. The remaining structures, namely of ammonium salts, often feature extensive hydrogen bonding interactions: ammonium hydrate [6] , dimethyl-and di-n-butyl-ammonium [7] , di-cyclohexylammonium [8] , hydrazinium [9] , morpholin-4-ium [10] , guanidinium hydrate [11] as well as an example of a diammonium salt, namely ethylenediammonium, characterised as a dihydrate [12] . The only example of a metal complex with the anion is that of a binary lead(II) species [13] . It was during on-going investigations in this area [1, 2, 7, 9] that the title polymorphic salts were isolated. The interest in the new structures arises not only as they are polymorphs, crystallising in triclinic and monoclinic forms, but because the latter also features four independent cation-anion pairs in the asymmetric unit, Figure 1b .
Polymorphism continues to attract immense interest in the crystallographic community owing to the fundamental importance of the phenomenon itself and because it has implications in materials chemistry and in the pharmaceutical industry [14] . This arises the crystal structure/ molecular packing of a molecular compound can influence its physical and chemical properties, certainly as they relate to the solid-state owing to different packing arrangements. Computational chemistry suggests that many 10's, or even more, equally stable, at least to within a few kJ/mol, molecular packing arrangements may be found for organic molecules [15] . A search of the Cambridge Structural Database (CSD) [16] for the term "polymorph" showed just over 3% of the structures included there were classified as such. Another estimate for the percentage of polymorphic compounds but for organic molecules only, again based on a search of the CSD, suggested a value less than 4% [17] with the low number of observations probably reflecting the lack of (systematic) screening -many (most) structural studies are directed towards establishing the molecular structure/chemical connectivity rather than exploring the potential for polymorph formation. Thus, it is of considerable interest that the numbers/ percentage of polymorphic compounds increases significantly, to almost 50%, for systems that are systematically investigated for polymorphism, e.g. drugs/drug candidate molecules [14] . The thoughts of McCrone come to mind here where, paraphrasing, it was suggested the number of polymorphs revealed for a compound was proportional to the effort spent (and expenditure) in actually seeking polymorphs [18] . A recent and highly relevant exemplar of this concept is found in the 1:1 pharmaceutical co-crystal formed between carbamazepine:saccharin -after it was claimed that no new polymorphs would be found for this extensively studied system [19] , a new polymorph was revealed, admittedly isolated under rather unusual conditions, i.e. having heteronuclei fashioned from functionalised cross-linked polymers [20] . In a related phenomenon to polymorphism, different packing arrangements for individual molecules also occur in crystals whereby multiple molecules comprise the crystallographic asymmetric unit, i.e. generally in circumstances with Z′ > 1.
Debate on the reasons why crystals form with Z′ > 1 continues and a recent review noted that approximately 9% of structures included in the CSD exhibited this feature [21] . The percentage of crystals with increasing numbers of molecules in the asymmetric unit rapidly drops off with only 284 organic structures having Z′ > 4 [22] . Possible explanations behind such behaviour range from the idea that crystals with higher than usual values of Z are "fossil relics", being precursor (metastable) crystals to the more stable form, i.e. a snapshot of the crystallisation pathway, or more formally, are an isolated kinetic form rather than the final thermodynamic form [21] [22] [23] [24] [25] . It is also argued that some molecules, owing to size, shape and propensity to form specific intermolecular interactions cannot be accommodated in the symmetry imposed by space groups, an argument famously proffered by Brock and Dunitz in the case of the rationalising the packing of alcohol derivatives in the crystalline state [26] ; this behaviour has been labelled "synthon frustration" [27] .
In instances of polymorphism and crystals with multiple molecules in the asymmetric unit, an analysis of intermolecular interactions can provide clues as to why either phenomenon occurs. An analysis of point to point interactions operating in a crystal structure can be analysed conveniently by geometric programs such as PLATON [28] . This type of examination can be enhanced by an analysis of the calculated Hirshfeld surfaces [29] through Crystal Explorer [30] . Here, the contact distances d i and d e from the Hirshfeld surface to the nearest atom inside and outside the surface, respectively, are calculated to enable the analysis of the intermolecular interactions. Crucially, the combination of d e and d i in the form of two-dimensional fingerprint plots [31] provides both a useful summary and convenient visualisation of the most prominent intermolecular contacts operating in a crystal. Importantly, these can be calculated for the entire crystal, encompassing all surface contacts, or for individual interactions, e.g. O-H · · · O contacts. The latter makes for facile but, detailed comparison between molecules in polymorphs and between multiple molecules in an asymmetric unit. Herein, the crystal and molecular structures of a monoclinic form of the title salt, isolated from the mother liquor, with Z′ = 4 (2) are described along with those of a triclinic form with Z′ = 1 (1) which was isolated from a subsequent crystallisation. The structural study is augmented by an analysis of the calculated Hirshfeld surfaces of 1 and 2.
Experimental Synthesis and crystal growth
Melting points were determined with a Büchi apparatus (Flawil, Switzerland) and are uncorrected. Solutions of 2-amino-4-nitrobenzoic acid (1 mmol) in MeOH (10 mL) and 1-(4-piperazin-1-ylphenyl)ethanone (1 mmol) in MeOH (15 mL) were mixed and heated under reflux for 30 min; both reagents were purchased from Aldrich (São Paulo -SP, Brazil). The reaction mixture was left at room temperature for 3 days and the crystals which formed were collected and found to be the monoclinic polymorph (2) . M.pt: 446 K (dec.).
Some crystals obtained as above were re-dissolved in ethyl acetate and left to stand at room temperature. After 1 week, crystals were harvested and found to be triclinic (1). M.pt: 443-446 K (dec.).
Crystal structure determination
Intensity data for 1 and 2 were measured at 100 K on a Rigaku Saturn724+ diffractometer (The Woodlands, TX, USA) using graphite-monochromatised MoKα radiation (λ = 0.71073 Å). Data processing and absorption corrections (ψ-scans) were accomplished with CrystalClear [32] . Unit cell data, X-ray data collection parameters and details of the structure refinement are given in Table 1 . The structures were solved by Direct Methods using SHELXS [33] and full-matrix least-squares [34] refinement was on F 2 (anisotropic displacement parameters and C-bound H atoms in their idealised positions). The N-bound atoms were located from difference Fourier maps and were refined with the distance constraint 0.88 ± 0.01 Å, and with U iso (H) = U eq (N). A weighting scheme of the form w = 1/[σ 2 (F o 2 ) + (aP) 2 + bP] where P = (F o 2 + 2F c 2 )/3 was introduced in each case. In the refinement of 1, owing to poor agreement, the (1 2 2) reflection was omitted from the final cycles of refinement. The crystal of 2 employed for the analysis was not optimal as reflected in the high value of R int = 0.169 and proved to be a challenging refinement of over 1000 parameters. There was no evidence of twinning. One the expert reviewers indicated the possibility of a lower symmetry space group for a twinned sample. One possibility could be P2 1 with Z′ = 8, as there was some evidence for some h 0 l reflections being present/marginally above the background. However, based on the principle that the higher symmetry space group consistent with systematic extinctions is preferred, the P2 1 /n space group was selected for the analysis. In this model, there were no abnormal, non-systematic variations in geometric parameters, displacement parameters nor any evidence of disorder. Owing to poor agreement, a total of 17 reflections were omitted from the final refinement; these are listed in the deposited CIF. Despite these difficulties, the structure has been determined unambiguously. The programs WinGX [35] , PLATON [28] , ORTEP-3 for Windows [35] , DIAMOND [36] and QMol [37] were also used in the study.
Results

Experimental molecular structures
The asymmetric unit of the triclinic polymorph, 1, comprises a single cation and a single anion, and that of the monoclinic polymorph, 2, modelled in P2 1 /n (see Experimental), comprises four independent cation/ anion-pairs. The molecular structures of the anions in 1 and 2 are shown in Figure 2a -e and those for the cations in Figure 3a -e. The confirmation of the deprotonation of the acid and protonation of the base is seen in distinct features of the structures, namely in the pattern of hydrogen bonding interactions (vide infra) and in the near equivalence of the C-O (carboxylate) bond lengths in the anions; both features are detailed below. The molecular structures of the two ions in 1 will be described first followed by a description of the anions and cations in 2.
The molecular structure of the anion in 1 is shown in Figure 2a . The transfer of a proton during recrystallisation of 1-(4-piperazin-1-ylphenyl)ethanone and 2-amino-4-nitrobenzoic acid is evidenced in the similarity of the C-O bond lengths [C7-O1, O2 = 1.2645 (14) dihedral angles for 1 and 2 are collated in Table 2 . Twists are apparent in the anion, in particular between the central phenyl ring and the carboxylate residue as seen in the dihedral angle of 21.22(4)° between the latter. Despite there being a twist between these residues, there is an intramolecular amine-N-H · · · O (carboxylate) hydrogen bond, Table 3 . A far smaller twist is seen for the nitro group with the dihedral angle between it and the phenyl ring being 2.95(2)°. The dihedral angle between the carboxylate and nitro substituents is 23.52(7)°, consistent with a conrotatory relationship. To a first approximation the cation in 1 is planar, allowing for the chair conformation of the piperazin-1-ium ring, Figure 3a . Thus, the dihedral angle between the acetyl group and phenyl ring is 7.66(4)° indicating a small twist. A small twist is also evident between the phenyl ring and the least-squares plane through the piperazin-1-ium ring as seen in the dihedral angle of 6.72(2)°; the dihedral angle between the outer planes is 1.53(5)°.
The eight constituents of the crystallographic asymmetric unit of 2, Figures 2b-e and 3b-e, exhibit similar characteristics to those in 1. A difference is evident in the anions in that these tend to be closer to co-planar in 2 compared with 1, as seen in the range of dihedral angles between the carboxylate/nitro residues, which are 10-20° smaller than in 1, Table 2 . The key least-squares plane data for the anions in 1 and 2 generally lie within the ranges established for literature precedents of ammonium salts. The most planar anion is found in the ethylenediammonium dihydrate [12] for which the dihedral angles between the C6/CO 2 , C6/NO 2 and CO 2 /NO 2 pairs of planes are 3.44 (14) , 0.69(11) and 3.2(2)°. The greatest dihedral angle for C6/CO 2 of 26.4(3)° is found in the ammonium salt hydrate [6] , C 6 /NO 2 of 12.6(3)° in the di-n-butyl-ammonium salt [7] and CO 2 /NO 2 of 26.73 (14) ° in the hydrazinium salt [9] . The differences between the anions in 1 and 2 are highlighted in the overlay diagram shown in Figure 4a . The cations are similar across the structures with one notable difference being in the dihedral angles formed between the best plane through the piperazin-1-ium ring and the acetyl residue, as highlighted in the overlay diagram of Figure 4b .
There is only one literature precedent for the 4-(4-acetylphenyl)piperazin-1-ium cation but, threedimensional coordinates are not available [38] .
Molecular packing
Geometric parameters characterising the key interatomic interactions in the crystals of 1 and 2 are collated in Table 3 .
Hydrogen bonding features prominently in the molecular packing of both 1 and 2, with each acidic N-bound hydrogen atom forming a N-H · · · O hydrogen bond.
In 1 and referring to Figure 5a , the intramolecular amine-N-H · · · O (carboxylate) hydrogen bond referred to above and which closes an S(6) ring is highlighted with a "1". The key supramolecular synthon in the structure is a centrosymmetric 12-membered {· · · HNH · · · OCO} 2 synthon is formed by charge-assisted ammonium-N-H · · · O (carboxylate) hydrogen bonds; the ring is indicated by a "2" and has a chair conformation. The remaining hydrogen bond occurs between like-ions, namely amine-N-H · · · O (nitro) and is marked with a "3" in Figure 5a ; a significantly weaker amine-N-H · · · O (acetyl) hydrogen bond is also noted involving the amine-H atom forming the intramolecular hydrogen bond. Consistent with the Table 3 . The result of the hydrogen bonding is the formation of double-layers in the bc-plane, Figure 5b . Additional stability to the double-layers is afforded by rather short methylene-C10-H10b · · · O1 (carboxylate) and longer methylene-C9-H · · · O5 (acetyl) interactions. Layers stack along the a-axis with the most prominent interactions between them being methylene-C10-H10a · · · O2 (carboxylate), involving the second methylene-H10a bound to the C10 atom, and π-stacking interactions, the latter between the aromatic residues of anions and cations, Table 3 and Figure 5c . The common feature of the molecular packing of 1 and 2, the latter with four independent cations and anions, is the formation of charge-assisted ammonium-N-H · · · O (carboxylate) hydrogen bonds. However, unlike 1, these strong hydrogen bonds give rise to highly-twisted supramolecular chains aligned along the c-axis, rather than cyclic synthons. The chains comprise all independent molecules in the asymmetric and features alternating cations and anions, Figure 6a . The connections between chains are of the type amine-N-H · · · O (carboxylate, acetyl) hydrogen bonds and these consolidate the threedimensional packing, Figure 6b . Thus, the nature of the amine-N-H · · · O interactions also differ between 1 and 2 as in 1, the main intermolecular amine-N-H · · · O hydrogen bond has a nitro-O atom as the acceptor whereas in 2, the acceptors are carboxylate-O and acetyl-O atoms in the ratio 1:3. Other non-covalent interactions between the constituent ions are also found in the packing, e.g. C-H · · · O, C-H · · · N and π · · · π stacking. These are discussed in some detail in the section "Hirshfeld surface analysis".
Hirshfeld surface analysis
The Hirshfeld surface calculations were carried out for polymorphs 1 and 2 in accord with a recent study on an organic salt [39] . The results provide additional insight into the influence of non-covalent interactions on their molecular packing and assist in differentiating between the independent species found in 1 and 2. Short interatomic contacts found in the crystals of 1 and 2 were as calculated in Crystal Explorer [30] and are listed in Table 4 . In the triclinic polymorph 1, the amino-N1 atom forms a comparatively weak amino-N1-H · · · O5 (acetyl) hydrogen bond whereas the amino-N1-H · · · O3 (nitro) hydrogen bond is significantly shorter, Table 3 : these result in diminutive and bright-red spots near the respective atoms on the Hirshfeld surfaces mapped over d norm in Figure 7 . The bright-red spots near the ammonium-H3n and H4n atoms of the cation and the carbonyl-O1 and O2 atoms of the anion in Figure 7 also indicate charge-assisted N-H · · · O hydrogen bonds between the ions. The ions are also linked through methylene-C-H · · · O (carbonyl) and π · · · π contacts (Table 3) and short interatomic C · · · H contacts (Table 4) . These are illustrated in Figure 8a -d and indicated by labels "1"-"4". The donors and acceptors of intermolecular interactions in the crystal are also viewed as the blue and red regions, respectively, on the Hirshfeld surfaces mapped over the calculated electrostatic potential shown in Figure 9 . The influence of the other intermolecular C-H · · · O contacts (Table 3) are also highlighted with labels "5"-"8" in Figure 8a , c and d. In addition, the short interatomic contacts listed in Table 4 are also evident as faint-red spots near the respective atom in Figure 7 . The similarities and differences in the supramolecular associations formed by each of the four cations and four anions in the asymmetric unit of the monoclinic polymorph with Z′ = 4 can be conveniently delineated in their calculated Hirshfeld surfaces, see Figures 10-13. As there is no simple one-to-one association between any of the constituent cations and anions ( Figure 13 ) in the crystal of monoclinic 2, just as in case of triclinic 1 discussed Figures 10 (anions) and 11 (cations) . In addition, bright-red spots near the phenyl-C36, acetyl-C39 and methylene-H30a atoms in Figure 11a indicate the significant influence of short interatomic C · · · H contacts (Table 4) formed between symmetry-related N10-cations upon the crystal stability. The influence of a phenyl-C38-H · · · π (C1-C6) interaction, occurring between the N10-cation (Figure 11a ) and O1-anion (Figure 10a) , is also evident on the d norm -mapped Hirshfeld surface and in the Hirshfeld surface mapped over the shape-index, Figure 13a (label "1") . The C33-C38 ring of the N10-cation also participates in a C-H · · · π interaction with the methylene-C65-H atom being the donor (Table 5) , derived from the N16-cation, as shown in Figure 13b (label "2"). The phenyl-C26-H atom of the O13-anion also forms an intermolecular C-H · · · π contact with the C45-C50 ring of the N12-cation. The latter also participates in a π · · · π stacking interaction with a symmetry related ring as summarised in Table 5 . These interactions are illustrated with labels "3" and "4" in Figure 13c . The acetyl-O18 atom, unlike the other equivalent atoms of the cations comprising 2, does not act as an acceptor for an N-H · · · O hydrogen bond, rather it participates in a weak intermolecular methyl-C76-H…O18 interaction which is characterised as the faint-red spots near the respective atoms on the d norm -mapped Hirshfeld surfaces of the respective cations in Figure 11b and d.
In the N14-cation, the acetyl-O19 atom is an acceptor for phenyl-C24-H · · · O as well as amino-N7-H · · · O interactions (Tables 3 and 4) , with both of the respective donor atoms derived from the same O13-anion, Figure 12c . The atoms of the N14-cation are also involved in a π · · · π stacking and two C-H · · · π interactions. In one of the latter, methylene-C53-H atom forms a contact with a phenyl-(C69-C74) ring of the N16-cation, while in the other, the methylene-C41-H and phenyl-(C57-C62) ring act as a donor and acceptor, respectively (Figure 13d , labels "5" and "6"). The presence of bright-red spots viewed near the phenyl-C58-H58 atom in Figure 11c also reflects the influence of the C58-H · · · N3 interaction with the amino-N3 atom of the O5-anion (Table 4) . A π · · · π contact between the phenyl-(C57-C62) ring of the N14-cation and the phenyl-(C15-C20) ring of the O9-anion is highlighted in Figure 13e with label "7". The weak intermolecular C-H · · · N interactions formed between the methylene-C32-H atom of the N10-cation and amino-N5 atom of the O9-anion, and between the methylene-C68-H atom of the N16-cation and the amino-N7 atom of O13-anion results in faint-red spots near the respective atoms on their Hirshfeld surface (Figures 10c and d, 11a and d) .
The aromatic residues of anions are also involved in intermolecular π · · · π and N-O · · · π contacts ( Table 5 ). The phenyl-(C1-C6) ring of the O1-anion forms a π · · · π contact with an inversion-related ring (Figure 13a with label "8") while the nitro-O4 atom of the O5-anion forms a N-O · · · π contact with the phenyl-(C15-C20) ring of the O9-anion (Figure 13f with label "9"). Another N-O · · · π interaction is noted, involving the nitro-O16 atom of the O13-anion with the phenyl-(C22-C27) ring of an inversion related O13-anion (Figure 13g with label "10"). Finally, a π · · · π contact between phenyl-(C8-C13) of the O5-anion and phenyl-(C69-C74) rings of the N16-cation are highlighted with label "11" in Figure 13h . The influence of other short interatomic contacts summarised in Table 4 for the monoclinic polymorph are reflected as the faint-red spots near the respective atoms on their d norm -mapped Hirshfeld surfaces shown in Figures 10 and 11 .
The overall two-dimensional fingerprint plots for polymorphs 1 and 2, and those delineated into H · · · H, [31] , are illustrated in Figure 14 . The percentage contributions from the different interatomic contacts to their respective Hirshfeld surfaces for the overall salt, and individual anions and cations are summarised in Table 6 . In triclinic 1, the short interatomic H · · · H contact involving symmetry-related phenyl-C-H6 atoms of the anion (Table 4) Figure 14a . The π · · · π contact between aromatic rings of the cation and anion resulted greater, i.e. 8.3 and 6.1% contributions, respectively, from C · · · C contacts to their respective individual Hirshfeld surfaces, but the value decreases to 3.8% for the overall salt as some of these contacts occur between ions within the asymmetric unit (Table 6 and Figure 14a ). The notable percentage contributions from C · · · H/H · · · C and N · · · H/H · · · N contacts to the Hirshfeld surfaces of the ions are due to the short interatomic contacts formed by their respective atoms ( Table 4) . The fingerprint plots delineated into H · · · H contacts for the overall monoclinic polymorph 2 characterise these short interatomic contacts as summarised in Table 4 (Table 4) and those corresponding to the other intermolecular C-H · · · O contacts are merged within the plot. It is evident from the fingerprint plots delineated into C · · · H/H · · · C contacts for polymorphs 1 and 2 and the percentage contributions to their Hirshfeld surfaces ( Table 6 ) that these interactions have a greater influence upon the packing in monoclinic 2 compared with triclinic 1, arising from the greater number of C · · · H/H · · · C and C-H · · · π interactions in 2 in contrast to only a few comparable contacts in 1, as can be seen from the data in Table 4 . Conversely, the percentage contributions of H · · · H contacts to the Hirshfeld surface in 2 is less than that in 1.
The π · · · π stacking interactions occurring between the aromatic rings of polymorph 2 (Table 5) give rise to a notable contribution from C · · · C contacts to the Hirshfeld surface. The small contribution from these contacts to the Hirshfeld surface of the individual O13-anion and N10-cation (Table 6 ) indicate their non-participation in such interactions and distinguish these species from the other anions/cations comprising the asymmetric unit. Although making a smaller, i.e. 2.8%, contribution to the Hirshfeld surface compared with 3.8% in triclinic form 1, π · · · π stacking interactions in 2 are also indicated in the C · · · C delineated fingerprint plot (Figure 14b ). The relatively small percentage contributions from C · · · O/O · · · C contacts to the Hirshfeld surfaces of the anions (Table 6) reflect the presence of short interatomic C · · · O/O · · · C contacts (Table 4) and N-O · · · π contacts (Table 5 ) involving aromatic rings of the O9-and O13-anions as acceptors. The smaller contributions of the other interatomic contacts summarised in Table 6 have a negligible impact on the packing.
A comparison between polymorphic forms 1 and 2
A summary is presented in Table 7 of some of the key physiochemical properties for 1, 2 and their components which were calculated with Crystal Explorer [30] and PLATON [28] . Some noteworthy differences in the parameters describing the anions in each of 1 and 2 are clearly apparent from these data. Thus, the volume (V) occupied by the anion in 1 is smaller by up to 10 Å 3 compared with to the comparable volumes for each of the anions in 2. This correlates with an increase in the surface areas (A) in 2 compared with 1, so that the A:V ratio remains approximately the same. Except for the globularity value (G) of 0.829 calculated for the O13-anion, these values are constant across the series. Finally, the value for asphericity (Ω) for the anion in 1 lies within the range for those calculated for 2. There are no apparent systematic variations in the values of V, A and Ω for the cations in 1 and 2. The value of G in 1 appears to be higher than the comparable values in 2 but, the differences are small.
A comparison between 1 and 2 is also made in Table 7 in terms of the density and overall packing efficiency. The greater density of 1 correlates with its greater packing efficiency when compared to that of 2. The approximate packing energies for 1 and 2 were also calculated using empirical potential parameters [40] , as implemented in Mercury [41] . The values, Table 7 , are in accord with the trends above in that they suggest the triclinic form 1 is the more stable of the polymorphs, consistent with this being the thermodynamic form.
Conclusions
X-ray crystallography has been employed to characterise two salts, a monoclinic form, with Z′ = 4, which was isolated directly from the reaction mixture is, based on several criteria, including packing efficiencies and calculated lattice energies, likely to be a kinetic outcome of crystallisation. A re-crystallisation over a week afforded a triclinic form, with Z′ = 1, which is likely a thermodynamically more stable form. Hirshfeld surface analyses proved a convenient manner by which the different constituent ions, in and within the polymorphs, could be differentiated in terms of their intermolecular interactions.
